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Abstract

A broadband and high gain Fermi antenna by utilizing a broadband microstrip (MS)-to-
coplanar stripline (CPS) balun is presented on low dielectric permittivity substrate. This antenna
exhibits the ultra-wideband performance for the frequency range of over 110 GHz with the high
antenna gain, low sidelobe levels and narrow beamwidth. This antenna can be alternatives to cost-
effective millimeter-wave imaging systems and phased-arrays.
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1. Introduction
Electromagnetic waves in the millimeter-wave band have attractive characteristics. One of

their features is the wider usable frequency band compared with waves in the microwave band or
lower bands. Tapered slot antenna (TSA) is the most popular printed end-fire antenna, which are
often used for microwave/millimeter-wave imaging, sensors and phased-arrays. This antenna
produces many advantages such as broad bandwidth, high gain, narrow beamwidth and symmetrical
radiation patterns [1]. TSA called a “Fermi antenna” with Fermi-Dirac distribution is already
reported by S. Sugawara and H. Sato et al. [2-4]. Fermi antenna have many design parameters such
as feeding balun structure, taper profile, length and the width of aperture, and shape of corrugations
[3]. In order to feed balanced radiators, various types of balun have been reported in many
literatures. However, conventional planar baluns such as MS-to-slotline, MS-to-CPS, coplanar
waveguide (CPW)-to-slotline and double Y balun impose limits on frequency bandwidth of the
antenna [5-8]. In this paper, broadband and low-cost W-band Fermi antenna has been obtained by
utilizing the ultra-wideband MS-to-CPS balun [9] on low dielectric permittivity substrate. The
antenna dimensions and its radiation properties are demonstrated.

2. Antenna Design

2.1 Microstrip-to-coplanar stripline balun design

The design of the Fermi antenna is simplified in two steps: the design of the balun and the
design of the slotline-fed Fermi antenna with the CPS impedance of the blaun. Firstly, an ultra-
wideband MS-to-CPS balun is designed by following the outline in [9] as shown in Fig. 1.
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Figure 1: Microstrip-to-CPS balun



The broadband characteristic of the balun usually covers the whole frequency bandwidth of the
Fermi antenna. The field matching and impedance matching techniques are used by controlling the
taper shape of the ground plane. In this paper, the characteristic impedance of the CPS is chosen
about 139 Q with 5 mil gap between CPS strips and 20 mil strip width using a 10-mil Duroid 5880®
(& =2.2) substrate. With the CPS length (I ) of 180 mil and the transition length (I, ) of 130 mil,

the simulated insertion loss per transition is less than 1.5 dB from 70 to over 110 GHz as shown in
Fig. 1. The antenna is simulated with CST Microwave™, and cross-checked with ANSOFT
HFSS™ V10.
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2.2 Fermi Antenna Design

The Fermi antenna with the Fermi-Dirac tapering function with corrugated edges [2-4] is
designed at W-band. The slotline-fed Fermi antenna is optimized with the characteristics impedance
of the CPS. Figure 2 shows the fabricated antenna and its design parameters. The low permittivity
substrate Duroid 5880%( &, =2.2) with 10-mil thickness is used. The Antenna’s dimensions are (unit:

mil): L=502(44,), w,=64, w,=88(0.7 4,), w, =5, d =24, w,=w, =5, I.=19, I, =130, I, =90.
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Figure 2: The geometry of the proposed Fermi antenna

The Fermi-Dirac tapering function f(x) and its parameters are determined to optimize the radiation

patterns using following equations:
a 24
f(X):W b:z 02210 (1)

, where 4, is free space wavelength at the center frequency, a is the asymptotic value of the taper

for X approaches infinity, and X is the variable of the taper length. The length of the antenna (L) is
chosen as 4 4, at 94 GHz. The opening width W, can be varied to obtain the desired radiation

patterns. The corrugation on upper and lower sides of the Fermi antenna is commonly used to
suppress the surface-mode waves excited on the dielectric substrate and sidelobe level, to obtain
higher gain, to improve the VSWR, to widen the effective aperture size of antenna. The dimensions
of the corrugation (w,,w,,|.) are chosen by [3] (w,=L /100, I.=0.15 4,). The antenna size is 21.6

x 5.6 mm. Finally, by connecting this MS-to-CPS balun to radiators, the overall Fermi antenna
design is completed.
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3. Simulation Results and Applications

The simulated return losses demonstrating ultra-wideband performance better than 10 dB
from 60 to over 110 GHz as shown in Fig. 3. The overall bandwidth of the antenna is almost the
same as that of the slotline-fed radiators; i.e., the CPS feed and the balun provide wide bandwidth
and impedance matching so that they do not change the bandwidth of the original Fermi antenna.
The mutual coupling is also investigated by the simulated transmission coefficient S21 for array
environment. The horizontal center-to-center spacing between antennas is 230 mil (1.8 4,). In most

cases, the simulated mutual coupling is below -40 dB for whole W-band. For understanding the
propagation characteristics of the antenna, the surface current distributions (J,) are presented at

frequencies 70, 94 and 110 GHz, respectively. The propagation behaviors are figured out along the
open end. And the transverse wave is also reduced by corrugations as shown in Fig. 4.



Figure 5 shows the simulated E- and H-plane radiation patterns at 70, 94 and 110 GHz, respectively.
A low sidelobe levels and symmetrical radiation patterns are achieved with low cross-polarization
levels. The performance of the Fermi antenna is summarized in Table 1. The antenna gain maintains
from 13 to 14 dBi with low sidelobe levels of less than -10 dB from 70 to 110 GHz. The 3-dB
beamwidth ranges from 28° to 34° for E-plane and 36° to 39° for H-plane with good radiation
efficiency (84~89%).

From these results, the validity of this antenna is verified for broadband and cost-effective
imaging systems at W-band. Therefore, they can be used mm-wave camera under low-visibility
condition, sensors can detect concealed weapons or explosive materials and wide-band millimeter-
wave holographic surveillance system. In addition, this antenna is also useful for finding landmines,

for detecting cracks in exterior walls, and for screening people for skin cancer.
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Figure 3: Simulated return loss
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Figure 4: Surface current distributions at 70, 94 and 110 GHz

Table 1: The performance summary of the antenna

Gain 3-dB BW [degree] SLL [dB] Radiation
[dBi] E-plane | H-plane | E-plane | H-plane | Efficiency (%)
70 GHz 13.6 33.6 38.6 -17.6 -14.7 89
94 GHz 13.7 28.2 36.5 -15.5 -11 84
100 GHz 14.1 27.6 37 -17.4 -10.7 85
110 GHz 13.9 28.7 38.4 -15.2 -8.6 86
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Figure 5: Simulated E-plane radiation patterns at 70/94 GHz

4. Conclusion

A simplified design guideline for a broadband and high directivity W-band Fermi antenna
using MS-to-CPS balun is introduced. This Fermi antenna consists of a MS-to-CPS balun section
and Fermi-Dirac tapered slot antenna with corrugation. Simulation results demonstrate symmetrical
radiation patterns, narrow beamwidth, and low sidelobe levels for whole frequency ranges from 70
to 110 GHz and above. The proposed antenna can be applied to various broadband and cost-
effective planar millimeter-wave imaging systems.
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